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EXERCICIO 1

Substitua os carregamentos das figuras por forgas resultantes equivalentes no cdlculo do equilibrio
de corpos rigidos.
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RESOLUCAO
Figura 1
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— 2. e TN
20m — 10m 1.0m
Figura 2
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| 24m } ~em “oam
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Figura 3
12kN/m 23,TkN] 8 25kN 23,TkN] 805 kN_
. I ' {5KN/m N l E

7kN/m B "
ir (R i ‘* ’u’ & d ' 7kN/m
= , .

| 33m i - 1.65m ——— 1.65m — - 1.65m ——— 1.65m —
—22m —=1.1 m~ —22m —=1.1 m~
Carga uniforme retangular = Forca equivalente = 7x3,3= 23,1 kN
Carga triangular = Forga equivalente = 5X23'3 = 8,25 kN
Figura 4
| 3om ‘ 3,857kN
6kN/m 12
T —
b 74
=7
== f=—2g
\W —a — — % -
9
8kN/m 7
6,857kN
g :§ a :2
a b = 7
+b=3 =12
arb= 7
. . _1.9 ~_
Carga triangular da esquerda = Forga equivalente = §X7X 6=3,857 kN |
. . . 21,12 L _
Carga triangular da direita =  Forga equivalente = Ex7x8 =6,857 kN 1
Figura 5
5KkN/m 10kN 8,66 kN
/ ; ; ; ; ; ; ; ;Z 609 ;//,/ //:///‘ / ‘/6:/04:/ /I// v////;;///:///;/i////v;//;///v;//;///
@ Vl/ I Vl/ V// Vl/ V// V// I @ ‘}/ ;‘»/ }/ ‘}/ q/ /5&&
20m im im
- 20m — ~1 =1 m= e
F, = 10 cos60° Fc =5kN
Forga equivalente = 5x2 = 10 kN =
F, = 10 sen60° F, = 8,66 kN
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Figura 6

10kN/m 7,84kN

P= 10_2 !
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<=0 = p=10ym

p=10-2x kN/m = vy v W vy by

x=2,8 = p=4,4 kN/m 28 56 |

—14m——=—14m—

Carga uniforme retangular =  Forca equivalente = 4,4x2,8= 12,32 kN

5,6x2,8

Carga triangular =  Forga equivalente = = 7,84 kN
Figura 7
6 kN/m 12,6 kN 8,101(N
40:?\\‘\\‘\‘\\ - \\\\\\\j_b%\\:\\\\\ - \\\\t\\\i\\\\\\\ \\\t\\\\\\
— —] 9,65kN
21m 1.1m 1.1m y
: - - ~1.1 m==1.1 m=|

F, = 12,6 cos40° F, = 9,65 kN
—

F, = 12,6 sen40° F, = 8,10 kN

Figura 8
9kN/m
e
} 3.2m | —16m ——=—16m —~
Forca equivalente = ?,,zz_xg = 14,4 kN
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Figura 9 .
a\13kN
Py
1, 1.0m
Om = %
l 1.0m
1
—15m —==—15m —
Comprimento da barra = 4,4x2,8= 2% +3% = /13 m
Forca equivalente = 4+/13 kN =14,42 kN |
Figura 10
o 6kN _~ Tozs
;Lf—u; 2kN 0.5m
=4 —
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A 0.25
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EXERCICIO 2
Determine as reacgdes nos apoios das estruturas seguintes.
15kN l 20kN l
% “RB AN B_A c
{ 3.0m - 20m m§m { 40m —~—15m—
Figura 1l Figura 2
30kN
25kN 25 kN 6 kN/m 40 stoo
65° _;
YyYYVYVYVYVYVYVYV VY 'y v V !
A AB CA D A A B Cols D
0.8~ 3.0m ~—1.5m— 1.1 m— 35m ~—1.4m—
Figura 3 Figura 4
4kN/m 7kN/m 5kN
G % c @ gA B [ D
—1.2m-~ 2.0m { 22m m{m 1 m— 21m =~ 1.2m -~=0.90~]
Figura 5 Figura 6
RESOLUCAO
Figura 1
15kN l REFERENCIAL
A B
Ha % = T+_,)
% 3.0m { 20m 4
VA |VB
15kN
SF, =0 = Ha=0 HA=0 >
YF, =0 = Va+tVs=15 = {VA=6kN 1 %? m?
YMa=0 = VBX5-15x3 =0 VB =9 kN 1 6 kN 9kN
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Figura 2
20kNl REFERENCIAL
HB
%
AN BA c ‘ﬂ
‘ 40m * 1.5m—]
VA| VB|
ZFX =0 = Hs=0 Ha=0
ZFy =0 = Va+Vs=20 = <VA=-75kN |
Ma=0 = VBx4 —20%x55=0 VB = 27,5kN 1
20kNl
AN A c
l7,5 kN T 27,5kN
Figura 3
T25 kN 25 kNl REFERENCIAL
Hc
E
A A B CA D TE,
Fo.s% 3.0m 1.5m —
VB Vc
ZFX =0 = Hc=0 Hc=0
SF, =0 = VB+Vc+25-25=0 — lvs= —1332'5: —44,17 kN |
SMs=0 = VcX3-25x0,8-25%4,5= 0 Ve = %: 44,17kN 1
T25kN 25kNl
l44,17 kN T44,17 kN
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Figura 4
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|VB |Vc VB IVc
>R =0 —30co0s65° +HB—40sen50° =0
REFERENCIAL
‘\ ZFy =0 = <VB+Vc—30sen65°—21+40cos50° =0
‘@
>Mg=10 Vcx3,5+30sen65° x1,1—-21%1,75+40c0s50° x4,9=0
HB=43,32 kN - KN N 40kN
502
= seszi Ao [T %
43,32 kN s
Vc = —34,04 kN | T
56,52 kN 34,04 kN
Figura 5
7kNm grk_'i'm 18}&‘{" 15kNm REFERENCIAL
—_—{ |
G ¢ o3 \‘@\
—1.2m 4 2.0m : 22m WK’”
|VB |VD
ZFX =0 Hs =0 Hs =0
ZFy =0 = Ve+Vp=0 = VB=4,05 kN 1
>Mg=0 Vbx4,2-7-9+18+15=0 Vb= —4,05 kN |
7kNm 9kNm 18kNm 15kNm
e Y A
- =
4,05 kNT 4,05 kN l
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Figura 6
7kN/m
MA 4 I(N/rnm\ SkN 12kNm REFERENCIAL
HA f\ I
> gA B C D ‘EB\
1m—= 21m = 1.2m ~=~0.90
Va
8,4kN
|3 ’15kN _ |42kN 5kN
Ma S S 12kNm
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Carga uniforme retangular = Forga equivalente = 4x2,1= 8,4 kN

Carga triangular =  Forga equivalente = (7_4#2 3,15 kN
Carga triangular =  Forga equivalente = 7x1,2 4,2 kN

ZFX =0 HA=0

ZFy =0 = {VA-8,4-3,15-4,2+5=0

dMpA=0 Ma-8,4%2,05-3,15%(3,1-0,7)—4,2%(4.3-0.8)+5%5,2-12=0

HA=0

VA=10,75 kN 1

Ma = 25,48 kNm )

7KN/m
4kN/m SkN
25,48 kNm
fg‘\ 12kNm
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EXERCICIO 3
20kN
a) Determine o ponto de aplica¢do da forca vertical
de 25 kN (]), que actuando conjuntamente com A m— .
a forca de 20 kN representada na figura, conduz _‘ |
a uma reaccdo nula no apoio A. ! 40m = 1.5m
30kN 40kN
b) Determine a grandeza e sentido do momento a 6kN/m sor
aplicar em C, que actuando conjuntamente com 65° I I !
o restante carregamento ilustrado na figura, A N C D
reduz a reac¢do vertical em B para 30 kN (7). 1.4 mo] 35 m e 1am o]
c) Determine a grandeza e sentido da carga vertical
uniformemente  distribuida a aplicar no 7kNm 9kNm 18'5"‘\'“ 15kNm
tramo AB que actuando conjuntamente com o (A\ = - - )
restante carregamento ilustrado na figura, leva a ”4%,, %
que a reac¢do no apoio B seja uma forca vertical ~12m==—20m T 22m .
de 22 kN (1).
RESOLUCAO
Alinea a)
25kN 20kN
~—a REFERENCIAL
HB
AN N c ’@\
‘ 40m ‘ 15m—
VA=0 | VBl
ZFX =0 HA=0 HA=0
ZFy =0 = {VB—25-20=0 = VB =45kN 1
>Mg =0 25%(4-a)—-20%1,2=0 a=28m
I 25kN 20kN
} 28m *
A B c

45 kNT
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Alinea b)
30kN
6 kN/m 40 kN 30 Sen659 121 kN 40 cossog
o M N\ M
o TR N8 B b
A = 2 - A o
A BA Hg Cofiode b 30c0s65° Hs s 40sen502
f=1.1m 3.5m 4 1.4m —= =1.1 m+1.75m | 1.75m 4 1.4m —=
VB=30kN | Vc VB=30kN | Vc
REFERENCIAL . o
>Mc=0 = -30%3,5+30sen65 x4,6+21x1,75+40cos50°%x1,4+M=0
T@,
M=-92,82 kNm = M =92,82 kNm Q
Alinea c)
PkN/m 18kN R 18kN
7kNr2WRkNm (_{I 15kNm 7kNm /_\Q'kNm m 15kNm
W o = G %)
l~—12m . 20m | 22m T }06}064 20m | 22m WZ’”
VB=22kN |VD ’ ’ |VB=22 kN |VD
REFERENCIAL
“@ SMp=0 = -7-9+18+15-22%4,2+1,2p%x4,8=0

p=13,09 kN/m 1111l
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EXERCICIO 4

Determine as reac¢des nos apoios das estruturas seguintes.

7kN 20kN
ety
: 10kN/m
AKN/m[ " 22m
g tos
20kNm ([=12KN -
|05 [<0.7=0.8~—1.5m —== 1.0 =~ 1.0 =
TR
Figura 1 Figura 2
30kN
1.5m
25m
20kNm o
Q_( A
| 20m ~0.8==1.2m
Figura 3
20kN 30kN
\
1.5m
10kN
23kN
12m 18kN A
jt 5kN
—
08m l1 5kN
1
A1 4m—f—15m—]
Figura 4
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RESOLUCAO
Figura 1l
7kN 7sen30¢
o300 7c0s30¢
. 1.1m
> 88kN
4kN/m[— 22m —> 3
P=—¢ - REFERENCIAL
> > 1.1m ]
- tos , fos E-B\
20kNm(31—5"N i 20kNm(31_5"N i
\ 770.5 ;\M 770.5
HA A Ma HA A A
A A
VA VA
>F =0 HA—15+8,8—7cos30° =0 HA=12,26 kN —
ZFy =0 = <Va—-7sen30" =0 = <Va=35kN 1
dYMpA=0 Ma—-20+15%x0,5—-8,8%x2,1+7co0s30°%x3,2=0 Ma = 11,58 kNm ()
Figura 2
20 kN

10kN/m

I 50m ]

= arctg 2 = 21,801° a= 2 = H61=16155m
5 cosa
3=55"—-a=33,199° Forca equivalente =10 x 1,6155 = 16,155 kN
5=90° —a —-50° =18,199° b =4,3tga=1,72 m

c =1tga=0,40 m
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20cosd
. ~ 16,155kN
HA | 7. P
TZOsené ¢ [ 7cosa
VA Al
2.0 1,72 1 QT
" IVA J | ; Resenf
| | |
! 1 1 ”
R S R [ 1 O
REFERENCIAL B RB COSB
I‘-\’ (=0.7=-0.8=<0.75~=0.75~= 1.0 ~~}=— 1.0 ~
® | 5.0 m |
Ha+20sen18,199° —7sen21,801° —Recos 33,199 =0
YF =0
Va—-20co0s18,199° —16,155-7cos21,801° —Ressen33,199° =0
ZFy =0 =
20sen18,199° x(2-1,72)—20c0s18,199° x0,7 —16,155%2,25 -7 c0s21,801° x4 +
ZMA =0
—7sen21,801° x(2—-0,4) —Resen33,199° x5—RBc0s33,199° x2=0

Ha= —-18,453 kN
Va=31,965kN 1

Re= —-17,695 kN 2

18,453 kN 5 502

— 10kN/m

7kN

17,695 kN
31,965 kN
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Figura 3
_ 4 _ o
= arctgi = 63,435
a=_b2 - 1,677 m
send

Forca equivalente =10 x 1,677 = 16,77 kN

b= 2,3 =1,25m
tga
( N
20kNm c= 115 — 0'75 m
tga
} 20m [~ 0.8==12m =
VA
30sen60° 25,981 kN
30co0s60° l 15kN l
A —_— T —_— T
RBcosal /. e 0.75m RBcosa 0.75m
~s Jl?fu ‘X> 15kN +
/ 7 ey
igi)aﬁiw,wm 075m l f 075m
— Y % € —» l75kN +
RBsena B/} RBsena B/

|
| | |
| | |
| | |
| | |
| | }
| |
| 25m P 25m
| | !
| | |
| | |
| | |
| | |
| | |
| | |

125 kN 125 kN
a a
20 kNm ( \ — 1 20 kNm ( \ H—b

Ha =~ /A A LA
Fbﬂﬂ'f
} 2.0m {=0.8==1.2m —ob 0.8==1.2m—~]
VA VA
REFERENCIAL
F, =16,77sena = 15 kN
"@ Forca equivalente=10xa=16,77kN =
F, =16,77cosa = 7,5kN 1
ZFX =0 Ha +RBsen63,435° —15+15=0
ZFy =0 = Va —RBC0s63,435° —25+7,5—25,981=0
Mg = 0 20+HAX2,5+VAX0,75—25%1,55+16,77 X 1'6277 ~15%1,5-25,981x2,75=0

Ha= 31,07 kN -
Va=2795kN 1

Re= —34,74 kN N
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30kN
60°

125 kN
20kNm —_—
/\4 31,07kN 22

T27,95 kN

120 kN 30kN 120 kN 30kN

-

o

=

=2
(&)}
3

)

I

; =
<

10kN
<—r 1 _> <_‘_
b 18kN 28
1.2m A 29
Jf 5kN {
3
a 0.8m 2,9
1 n 1
11
O = arctg— = 34,592°
2,9 ’
_ 3 _
a= 29 =1,034 m
ey 2,8_
b=2-a 2.9 0,966 m
= 14 =1,701l m
sa
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REFERENCIAL

ZFX =0 RH+5-23sen34,592" -10=0 “@

FE, =0 = Rv+18-15-23c0s34,592° -30-20=0
1,4
cos 34,592°

2 Mapoio = 0 M—-23x —-18x%1,1+5%1,2+20%1,1-30%2,9=0

RH= 18,06 kN —
Rv=65093kN 1

M= 117,92 kNm @)

120 kN 30kN
)
A65,93 kN
18,06 kN 117,92 kNm 10kN
4—
18KN 23kN
5kN
—
l1 5kN
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